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was found who objected, for the stated reason that 
the concrete was bard on his horses' hoofs; he ad
mitted, however, that a team would draw twice the 
load they could haul over the previous roads, and 
that his land had increased in value from approxi
mately $140 per acre to $250 per acre. 

In making his recommendation to the Winona 
County Commissioners, Mr. Cooley said: 

"After a thorough study of the loeal situation and 
a very close examination of previous work in other 
localities, I have come to the conclusion that con
crete roadways are not only feasible, but are the most 
practioal style of construction for permanent highways. 

"Ooncrete roads are dustless and are capable of 
transporting twice the loads with the same motive 
power that could be hauled over gravel or earth roads, 
and for pleasure vehicles cannot be excelled, as they 
are absolutely free from jolts and ruts. There is 
also the advantage that they require no maintenance, 
and it is a well known fact that lack of maintenance 
is the cause of failure of nearly all of our improved 
roads." 

Mr. Cooley also recommended t.he use of concrete for 
the State Rural Highways, except in the extreme 
northern part of the State. As a result of the investi
gation and report Winona County has adopted this ma
terial for its entire system of county roads, and a con
siderable mileage was constructed during 1913; a 
stretch of considerable length is being built out of 

Minneapolis in Hennepin County, and preparations are 
being made for a large mileage of concrete roads to be 
built in various counties during 1914. Mr. Cooley thinks 
that a mixture consisting of one part cement, two parts 
good sharp sand and four parts gravel ranging in size 
from one quarter inch to one inch will be entirely 
satisfactory; he lays great stress, however, on first
class, intelligent workmanship. 

Before the Illinois State Aid Road Law was enacted, 
Mr. A. N. Johnson, State Highway Engineer, made a 

careful study of the needs of his State. He established 
a traffic census ·to determine the relative volumes of 
travel, and worked out, by a perfectly clear method of 
addition .and subtraction, the basic principle that nearly 
eighty-five per cent of the traffic of his State goes over 
approximately fifteen per cent of the highways. This 
principle is recognized in the new law as representing 
practically the mileage that is to be improved with the 
aid of State funds. 

After investigating the Wayne County concrete roads, 
and considering them in connection with the necessities 
of the travel in his own State, present and prospective, 
Mr. Johnson, in a somewhat elaborate argument, stated 
it as his belief that most of the main roads of Illinois 
would have to be built of either brick or concrete; and 
that by reason of its less first cost, the great majority 
of the mileage would be built of concrete. During the 
season of 1913 .a considerable mileage of concrete roads 
were built in the different counties of the State; but as 

most of the season was taken up with the work of 
getting the new highway law into operation, the amount 
was trifling as compared with the amount which will 
be done in this and subsequent years. 

The fact that under the Illinois la w the county, whicu 
pays half the cost of construction, pays no part of the 
maintenance, will naturally lead the State Highway 
Department to insist on a type of construction which 
will require as small an expenditure for maintenance 
as possible. And as the demand for improvement is 
certain to be far in excess of the appropriations, it is 
probable that Mr. Jo·hnson's views on the subject will 
be put into practice extensively. 

A careful study of the prinCiples involved brings out 
very forcibly some important facts. To be satisfactory, 
a concrete road must be bunt on a thoroughly drained 
and compacted foundation. It must have expansion 
JoInts about every twenty-fiv'e feet. It must either iJe 
"broomed," or treated with bituminous material and 
sand, to prevent it from being slippery; and the con· 
crete must be mixed and laid by men who know how. 

As a concrete road is nearly level, the travel does 
not seek a single track in the center, but spreads over 
the width of the roadway. It is hard and smooth, re
quires no repairs, and is generally satisfactory for all 
kinds of travel. Its greatly extended use seems as 

certain to be one of the primary factors of highway 
economics as automobiles have been in the economics of 
h'lllnsportation. 

A Simple Method of Counting Alpha and Beta Particles* 
Each Particle Registers Itself Automatically on a Photographic Record 

'SEVERAL years ago Rutherford and Geiger described 
a method of counting the alpha particles emitted by 
radioactive substances. The apparatus was so ar
ranged that a small portion of the alpha particles 
flowing from the source passed through a mica window 
into a chamber filled with gas at low pressure. Each 
particle produced a small number of ions. whose mo
tion was so greatly accelerated by a strong electric 
fluid that each of them produced some thousands of 
new ions by its collisions with gas molecules. This 
multiplication of the primary effect made it possible 
to d emonstrate, by means of an electrometer, the en
trance of an individual alpha particle. The string 
electrometer is best for this purpose, because the 
string moves and comes to rest so quickly that the 
deflection caused by every ,alpha particle can be regis
tered distinctly by photography, even when 2,000 par
ticles enter the ionizing chamoer every minute. 

With this apparatus the multiplication of the primary 
effect was limited by the occurrence of spark discharges 
when the potential was raised too high. For the same 
reason this method proved useless for counting the 
beta particles, which have comparatively little ioniz
ing power. 

I shall now describe a very simple and sensitive 
method of counting both beta and alpha particles by 
means of the discharges which they cause to flow from 
neig.hboring electrified points. The apparatus is indi
cated in the accompanying sketch. A brass tube A, 
about three fourths inch wide, is closed at one end 
by an ebonite plug E, through which a wire D, termin
ating in a fine point, passes axially. The point is about 
one third inch distant from the plate B, which nearly 
closes the other end of the tube, but has a central 
perforation through which the alpha and beta rays 
are aumitted. The tube A is charged to a positive 
potential of about 1,200 volts and the axial wire is 
connected with a string electrometer, which is con
nected to earth through a liquid resistance that permits 
each charge communicated by the entrance of an alpha 
or beta particle to escape in a fraction of a second. 

In air at atmospheric pressure a potential of 1,200 
volts is usually sufficient to cause a discharge from the 
point on the entrance of each single alpha or beta par
ticle. The quantity of electricity that passes in such 
a discharge is very consideraNe, producing, in a string 
electrometer of 10 centimeters capacity, deflections that 
correspond to potentials of 10 to 20 volts. As this 
quantity is nearly one electrostatic unit, aHhough each 
beta particle produces only about 100 ions. each charged 
with 4.7 X 1010 electrostatic units, the primary effect of 
a beta particle is multiplied by ten million. 

The efficiency of the apparatus depends chiefly on 
the goodness of the electrifi'ed point. The diameter 
of the tube and the distance of the point from the inlet 
may be varied within wide limits. A bad point gives 

• Translated for the SCIENTIFIC AlIlERICAN SUPPLElIlENT from 
the:Proceedings ot the German Physical Society. 

By Prof. H. Geiger 

rise, usually at potentials of less than 1,000 volts, to 
spontaneous discharges, which are manifested either 
by very rapid quivering of the thread or by large single 
deflections. A good point responds energetically to the 
rays at a potential of 1,000 volts, but remains abso
lutely motionless in the absence of rays. It is char
acteristic also of a good point that the potential can 
be varied greatly without essenti,ally affecting the 
action of the apparatus. The best points yet produced 
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Fig. 1.-Diagram of apparatus employed. 
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Fig. 2.-Photographic record of beta rays (upper 
curve) and of alpha rays (lower curve). 

reached to alpha and beta rays at all potentials be
tween 1,020 and 1,840 volts, but did not discharge 
spontaneously except at still higher potentials. Such 
points are seldom obtained and their range· of sensitive
ness usually diminishes rapidly. It is quite sufficient 
for reliable working of the aparatus if it responds to 
alpha and beta rays within a potential range of a few 
hundred volts and does not discharge frequently in the 
absence of the rays. It is impossible to prevent an 
occasional discharge, caused by radioactivity of the air 
and the walls of the vessel. With various tubes used 
in these experiments the number of such discharges 
ranged from one half to two per minute. 

n is impossible to give definite rules for the pro. 
duction of a good point. The best method is to grind 
a sewing needle to a slender point by means of an oil
Rtone and a strop, examining it with a microscope from 
time to time, and to clean it with alcohol before mount
ing it in the apparatus, as indicated in the diagram. 

Any tendency to spontaneous discharge can generally 
---

Alpha R.ays. Beta Rays. 

Potential 
in Volts. Number of Average Number of Average 

Particles Deflection. Particles Deflection. 
Observed (millimeters) Observed (millimeters) 

perMinute. perMinute. 

1,100 45.8 5 .... . .  
l.180 54.0 10 2:{.4 2 
1,260 55.7 20 33.4 5 
1,340 56.7 20 4 1.1; 

I 
10 

1:420 49.7 25 50.5 20 
1 ,500 55.0 25 5l.5 20 
1,580 55.0 25 52.5 25 
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be cured by heating the needle cautiously in a Bunsen 
flame or by causing an electric current to flow for a 

cons�derable time from the point into the g,as of the 
ionizing tube. 

Gorton and W,ashing observed several years ago, in 
their measurements of the minimum potential of spark 
discharges, that the behavior of a point is of, ten greatly 
altered by such treatment. In general the minimum 
potential of discharge is made higher, but it can be 
reduced temporarily to its normal value by uUra-violet 
or radium rays. This agrees entirely with my experience 
with the apparatus described above, which is so sensitive 
that a single alpha or beta particle temporarily lowers 
the artificially heightened minimum potential of dis
charge. 

Some results obtained with an apparatus of the 
dimensions of the one shown in the diagram are given 
in the accompanying table. The alpha rays were emit
ted by prolonium, the beta rays by radium E. We see 
that the point responded to alpha rays at all po
tentials between 1,100 to 1,580 volts, and that at 
potentials above 1,180 volts the number of deflections 
observed remained constant within the limits of errol'S 
of observation. Spontaneous discharges began to occur 
at potentials higher than 1,580 volts. Wtith beta rays 
the number of deflections observed and particles de
tected per minute did not become constant until the 
potential of 1,420 volts was attained. At a given po
tential the average deflection was somewhat smaller for 
beta than for alpha rays, but the deflections were not 
proportional to the ionizing powers of the two rays. 
A deflection of one millimeter corresponds approximate
ly to a poten:tial of one volt. The radioactive sub
stances were about one inch distant from the a·perture, 
which had a diameter of one twentieth inch. As the 
diameter of the substance was sev,eral times greater 
than this, the entering beam of rays was very diver·· 
gent, and wIth the beta rays the divergence was in
creased by ,the strong dispersion which these rays 
undergo in air. As those be'ta rays that enter the 
apparatus very obliquely at low potentials are unable 
to produce discharges from the point, it is easy to 
understand why the number of beta particles observed 
at low potentials was too small. Alpha particles are 
able to cause discharges, even when the particles enter 
very obliquely. For quantitative measurements. of 
course, the apparatus should be so arranged that the 
entering rays are nearly or quite parallel. 

The experiments led to the conclusion that the po
lonium preparation emitted 4,000 alpha particles per 
second. This result agrees very well with the value 
derived from ionization measurements. lot was proved, 
also, that the number of beta particles observed was 
vroportional to the activity of the preparation . 

This apparatus works very well even with weak 
radioactive substances. In this case it is best to use 
a large aperture, co,vered with thin aluminium foil. 
Will'en a lump of pitch blend is placed near the foll tJle 
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alpha rays produce lively movement of the electro
meter string. By interposing a sheet of paper the alpha 
rays are cut off, but the beta rays continue to affect 
the instrument, and the number of beta particles thus 
detected is quite large, for the particles cume from the 
interior, as well as from the surface, of the pitch-

blend. Even the presence of gamma rays can be de
tected by interposing a sheet of lead one twelfth inch 
thick. The deflections then observed are caused by 
second,ary beta rays generated by the gamma rays. The 
deflection and dispersion of beta rays can be demon
strated by simUar simple experiments. In general, the 

apparatus appears to furnish a simple means of study
ing the behavior of alpha and beta rays In various con
ditions. Experiments in this field have been under. 
taken in the Physikalisch-Technische Reichanstalt, 
where the preliminary experiments described above 
were made. 

The Manufacture and Uses . of Blaugas* 

Compressed and Liquefied Oi1gas for Transportation in Cylinders 

WILLIAM MURDOCH'S invention, in 1792, of a process 
for the manufacture of an illuminating gas, and the first 
establishment of a commercial gas plant in Birminghalll, 
ten years later, was destined to be rapidly developed and 
perfected, so that it soon became a commercial necessity. 
However, one of the disadvantages of this invention was 
the fact that it required a considerable investment of 
capital for the manufacturing plant and its maintenance, 
and especially for the equipment of gas mains required to 
conduct the gas to the consumer. Therefore, it was soon 
recognized that a gas factory could be commercially and 
successfully operated only in such districts which were 
thickly populated, and where a large number of cus
tomers could be connected with the gas mains and thus 
be made consumers of this commodity. 

The great advantages derived from the use of gas were 
soon recognized, and created a considerable demand for 
it, but owing to the limitations of a supply of gas to 
the territory traversed by the gas mains, and as beyond 
reach of these there was soon created a great and con
stantly growing demand for this commodity, many at
tempts were made to fill this demand. 

These experiments resulted in various inventions of 
more or less value, having for their object the production 
of a compressed or condensed gas in such form that it 
would be commercially transportable beyond the reach 
of the gas mains. 

In the experiments conducted by various investigators, 
coal gas as well as oil gas was used, but attempts to pro
duce a commercially condensed and transportable coal 
gas were soon abandoned in favor of oil gas on account 
of the higher calorific value of the latter. The com
pressed oil gas is to-day still used very extensively, 
especially for lighting of railroads, buoys, light-houses, 
etc. 

The compressing and commercially adopting of such 
compressed oil gas was successfully done especially by 
Pintsch, and with such compressed oil gas is usually 
identified the name of Pintsch owing to the great intro
duction of the Pintsch system throughout the world, and 
such compressed oil gas is usually known as Pintsch gas. 

Under the Pintsch system, the oil is distilled at fairly 
high temperatures (900 deg. to 1,000 deg. Cent.) so as 
to produce as large an amount of fixed gases as possible. 
These fixed gases are subjected to a pressure ranging 
from 5 to 16 atmospheres, in the United States 6 at
mospheres being the prevailing pressure. As under the 
"Pintsch system, after distillation and compression, cer
tain of the hydro-carbons are liquefied, these have to be 
removed, and only the remaining gaseous compressed 
hydro-carbons are permitted to enter the shipping' con-
tainers. 

. 

A German chemist, Herman Blau, succeeded in making 
a great improvement in the production of a transportable 
compressed oil gas. He compressed oil gas to such a 
degree that the bulk of it was liquefied. The process 
employed by Blau is, in brief, as follows: 

In the original process, gas oil is conducted into the 
retorts just as in the manufacture of Pintsch or other 
oil gas, and is vaporized and decomposed in these retorts 
under a temperature of about 550 deg. Cent. to 600 deg. 
Cent. This low temperature is employed in order to 
prevent the production of a large percentage of fixed 
gases, as contrary to the heretofore existing principle it 
was the desire of Blau to produce as large a quantity of 
the coercible hydro-car bons and as small a quantity of the 
permanent gases as possible. After the oil has thus been 
distilled, the gas obtained is conducted in the usual 
manner through hydraulic mains, coolers, cleaners and 
scrubbers in order to remove the tar which these gases 
contain. After this, the gas is purified of its chemical 
impurities by being forced through chemical cleansing 
agents, where especially sulphide of hydrogen and carbon 
dioxide, etc., are removed. This being completed, the 
gas is conducted in the usual manner into large gas 
holders for storage purposes. With the exception of the 
difference in the temperatures employed in the distilla
tion process, the Blau process up to this point does not 
vary materially from any of the other well-known 
processes of oil gas distillation employed heretofore. 

_
Sin�e its first introduction, the �!au process has been 

'" ReproQuced from Metallurgical a1ld Chemical Engineering. 

By Dr. Hugo Lieber 

very materially and rapidly improved from time to time, 
these improvements having for their object the pro
duction of a better quality or a drier gas, and also the 
greater yield from a certain quantity of oil. In the 
original process as employed by Blau, the gas from the 
holder was drawn into a cooler where, under a suitable 
process, it was cooled considerably below zero in order to 
liquefy and discard at this stage certain of the coercible 
hydro-carbons which, in the finished product, were not 
desired; that is, such hydro-carbons which under normal 
pressure and temperature would again liquefy. 

Under the new process, as it is employed in the various 
Blaugas factories at the present time, this preliminary 
cooling has been discarded. The gas is drawn directly 
from the holder into the compressor, which is usually a 
three-stage or four-stage compressor. The liquefying and 
discarding of those coercible hydro-carbons which are 
not desired in the final product now takes place in the 
first and second stage of the compressor, and the balance 
of the gas passes on into the third and eventually the 
fourth stage, where the gas is compressed up to 100 at
mospheres. During all stages of the compression , water 
is injected into the compressing chambers for lubricating 
and cooling purposes. The water which is carried over 
after the final compression is separated from the liquefied 
hydro-carbons after the last stage of compression, and 
is then withdrawn from these by a suitable device. The 
refuse tar obtained from the cooled and scrubbed gases 
is collected in proper receptacles, and from there is 
pumped into tanks from where it flows by its own gravity 
to the retorts where, with compressed air or steam, it is 
sprayed under the retorts, and is thus used to supply all 
the heat required for these retorts. 

As in the course of the manufacture, and during the 
distillation of the oil, a certain amount of permanent 
gases have been produced which the liquefied hydro
carbons have been unable to absorb, these permanent 
gases are conducted into large cylinders from which, by 
means of proper reducing and regulating valves, they 
are conducted into the engine, where they produce all 
the power which is needed in a Blaugas plant. 

The whole Blaugas process, as it is now employed, is 
so minutely worked out that but a very slight excess of 
tar and permanent gases is obtained beyond the quan
tities required for heating and power purposes. The 
final product consisting of liquefied hydro-carbons, and 
absorbed therein or dissolved thereby non-liquefied 
hydro-carbons, is of such composition that this whole 
aggregate remains a liquid as long as it is under the 
pressure employed in the process, but these liquefied 
hydro-carbons at once become converted into a gaseou3 
aggregate if the pressure is reduced to approximately 
atmospheric pressure. These liquefied hydro-carbons are 
conducted into suitable steel cylinders or bottles for 
transportation purposes. 

Under the compression of 100 atmospheres, the oil gas 
is reduced to 1/400 of its volume, the gas so obtained 
being of a specific gravity which is approximately the 
same as that of atmospheric air. One liter, that is, 1.246 
grammes of Blaugas at 0 deg. Cent. and 760 millimeters 
barometer contains 1.042 grammes carbon and 0.204 
gramme hydrogen. This gas has a calorific value of 
about 1,800 B.t.u. per cubic foot, or approximately three 
times the heat value of ordinary city gas. 

The explosive range of Blaugas is lower than that of 
any other commercial illuminating gas, which the follow
ing table will show: 

From 

Coal Gas . .. . ... . .. .. ) 6. 33% gas 
1 93 .67% air 

Acetylene . .... . . . . . . . { 9�:88� � 
H d J 9. fiO% gas y rogen . ..... . . . . .. 1 90 . 50% air 

Blaugas .... ..... ... . . i 

To ! EXPlosive 
Range 

1 9.33 Z, g!1s l 13 0'"' 80 . 67')'0 all" 

I
i' (0 

49. 00% gas , l 4 7  0'"' 5 1 . 00% air ,! . (0 

66. 30% g!1s 

I: l 56 8'"' 33 .70% aIr r . (0 

8 .00% gas } 4 0 '"' 
92 .00% air . (0 

A s  has been stated before, the heat value per cubic 
foot of Blaugas is about 1,800 B.t.u., whereas that of 
acetylene is 1,500 B.t.u. per cubic foot and of hydrogen 
425 B.t.u. per cubic foot. As the volume of Blaugas is 
reduced to 1/400 under its compression, it requires much 
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smaller receptacles to transport a certain number of heat 
units with Blaugas than with any other gas. 

Of the commercially transportable gases are to be con
sidered acetylene, hydrogen and Blaugas, as Pintsch gas 
is a transportable gas in a limited sense only. Acetylene 
can be considered as a transportable gas only under the 
so-called "Acetylene Dissous" systeIn. The following 
table will show the heat value per cubic foot, the con
tainer capacity, the weight of containers required for a 
given number of heat units, the number of containers 
required and the price per 100,000 B.t.u.: 

i • 

I Hydrogen I
' AC'!tylene 

I 
Blaugas 

I , DlSSOUS 

H�t value, per cu. it·:·��1425" B.t.u.
- :·i-�-500 B.t.u. } ,800 B:-t.u. 

Contents of a container ofl 
1 cu. ft. water capacity. .. 120 cu. ft. 100 cu. ft. ' 300 cu. ft. 

Weight of containers required 
' 

to transport a given quan-: 
tity of heat units (for ex-
ample 540 ,000 B. t.u.) . .  ." .. 1 1 ,060 lbs. 432 lbs. 

Number of containers required I to ship 5 ,400 ,000 B.t.u .... 106 
Price for 100 ,000 B.t. u .. . .  . .  $ 1 . 4 1  

36 
$1.00 

Hyd rogen, per cu. ft., 3/5 cent. 
Acetylene Dissous , per cu. ft., 172 cents. 
Blaugas , per cu. ft., 4/5 cent. 

1001bs. 

10 
$0 . 44 

Blaugas is transported in steel cylinders of various 
dimensions ranging in size (water capacity contents) of 
from % liter to about 100 liters. The size mostly used 
is a cylinder with a water capacity of about 27 liters, or 
about 1 cubic foot. This cylinder when properly filled 
contains about 20 pounds of Blaugas, which will become 
converted into about 250 cubic feet of expanded gas when 
the pressure is released. As Blaugas contains no carbon 
monoxide, it is a non-poisonous gas. 

Blaugas is used mostly in such districts where no gas 
is supplied from a central gas plant through ordinary 
mains, but it is also used very extensively in districts 
where city gas is supplied, especially for steel and cast
iron welding and cutting, brazing, soldering, for labora
tories and such purposes where a uniform gas with high 
heat units is essential. 

In districts where gas is not supplied through mains 
or through a central plant, Blaugas is used for all pur
poses where otherwise city gas is used, namely, for 
illuminating, cooking, ironing, heating, and similar 
purposes. 

The cylinders are attached by means of a reducing 
valve to a small expansion tank, and from there the gas 
is conducted into the pipe line by a pressure regulator. 
As Blaugas is under a high pressure when delivered to 
the consumer, it is a very simple matter to produce so
called pressure gas wherever it is required, pressure 
gas being very desirable for the production of brilliant 
illumination, one c.b.f. of Blaugas producing 80 candles 
in an incandescent Welsbach burner. 

The first Blaugas factory was erected in Augsburg, 
Germany. This was rapidly followed by other factories 
in Budapest, Copenhagen, Bucharest, St. Petersburg, 
and Hoek von Holland. In the United States, at the 
present time, there are factories in Long Island City, 
St. Paul, Kansas City, Omaha, and Portland, Me. 
There are a number of factories now in course of con
struction. 

The Invention of Celluloid· 
By L. H. Baekeland, Ph. D. 

N EVER has the Perkin Medal been better awardlld 
than to John Wesley Hyatt. He created a distinctly 
American industry, chemical in its very essence, al
though the inventor never claimed to be a chemist. 
He not only invented the fundamental principle on 
which this important industry is based, but he gave his 
fertile inventive genius and the better part of his life 
to the development of the many details which built 
up the technique of celluloid. 

The technique of celluloid is strikingly different from 
that of rubber and all other plastics. This explains 
why rubber technologists ordinarily fail when they at
tempt celluloid manufacturing. It provides an excuse 
why the hard rubber companies of this country failed 
to see the coming importance of celluloid when the new 
material was offered to them. 

*Reprinted from the Journal oj Industrial and EngillcerillQ 
Chemistry, Vol. 6, No.2, page 90. February, 1914. 
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